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(54) Row decoder for a nonvolatile memory with possibility of selectively biasing word lines to 
positive or negative voltages 



(57) The row decoder includes, for each word line 
(WL) of the memory (2), a respective biasing circuit (54) 
receiving at the input a row selection signal (SR<i>) 
switching, in preset operating conditions, between a 
supply voltage (V^c) and a ground voltage (Vq^^jq) and 
supplying at the output a biasing signal (R<i>) for the 
respective word line (WL) switching between a first op- 
erating voltage (Vp^), m turn switching at least between 
the supply voltage (V^c) and a programming voltage 
(Vpp) higher than the supply voltage (Vqc)^ and a sec- 



ond operating voltage (V^^g). ^^^^ switching at least 
between the ground voltage (Vqnd) and an erase volt- 
age (VgRi^j) lower than the ground voltage (Vq^q). Each 
biasing circuit (54) includes a level translator circuit (58) 
receiving at the input the row selection signal (SR<I>) 
and supplying as output a control signal (CM<i>) switch- 
ing between the first and the second operating voltages 
(Vpc' Vmeg) output driver circuit (60) receiving 

as input the control signal (CM<i>) and supplying at the 
output the biasing signal (R<i>) 
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Description 

[0001] The present invention regards a row decoder 
for a nonvolatile memory with possibility of selectively 
biasing the word Itnes with positive or negative voltages 
[0002] As IS known, nonvolatile mennories comprise 
an array of cells arranged on rows and columns wherein 
word lines connect the gate terminals of the cells ar- 
ranged on a same row, and bit lines connect the dram 
terminals of the cells arranged on a same column Indi- 
vidual rows of the memory array are then addressed by 
a row decoder receiving at the input a coded address 
[0003] It IS further known that, in a nonvolatile memory 
cell of the floating gate type, storage of a logic state is 
carried out by programming the threshold voltage of the 
memory cell so as to define the amount of electric 
charge stored in the floating gate region. 
[0004] According to the stored information, memory 
cells may be distinguished into erased memory cells 
(stored logic stale "1") wherein no electric charge is 
stored in the floating gate region, and written or pro- 
grammed memory cells (stored logic state "0"), wherein 
the electric charge stored in the floating gate region is 
sufficient to determine a sensible increase in the thresh- 
old voltage of the memory cells. 

[0005] Erasing a nonvolatile memory is a highly com- 
plex operation, in that it entails a number of settings to 
be performed prior to proper erasing, when the electric 
charges present in the floating gate region is extracted 
and as a result the threshold voltage of the memory cells 
IS reduced, and then entails verify operations and pos- 
sibly further rrxxlifications after erasing when the result 
of erasing is not fully satisfactory. 
[0006] In particular, to erase a sector first of all a pre- 
conditioning operation is earned out, i.e. , all the memory 
cells are brought to the programmed state regardless of 
their current state Indeed, i1 a sector were erased 
wherein some of the memory cells are written but others 
have already been erased, during erasing there would 
be an over-erasing of the memory ceils that have al- 
ready been erased so that these memory cells are very 
likely to become depleted, i e., they have negative 
threshold voltage, and hence drain current even when 
their gate terminals are grounded. This effect proves 
particularly troublesome in that it simulates the constant 
presence of erased memory cells in the columns to 
which they belong, and thus all the memory cells be- 
longing lo these columns are read as being erased irre- 
spective of their actual state. 

[0007] In order to prevent this phenomenon and to 

render the history of all the memory cells belonging to 
the same sector uniform, writing of the entire sector is 
earned out 

[0008] Following upon the operation of pre-condition- 
ing, all the memory cells of the sector are thus pro- 
grammed and have threshold voltages with the distribu- 
tion Illustrated in Figure 1 and identified with the binary 
information "0" associated to this disthbution For this 



distribution Figure 1 also shows the typical minimum 
vRlues for the threshold voltages 
[0009] Next proper erasing is carried out In this 
phase, for a so called "negative gate' erasing, the dram 

5 and source terminals of the memory cells are appropri- 
ately biased in a per se known manner, 'and hence not 
described in detail, and an erase pulse typically having 
a duration of the order of 10 msec is applied on the gate 
terminals Upon termination of the erase pulse, a verify 

TO operation is carried out on all the memory cells of the 
sector to check the value of their thresholo voltages and 
this verify operation is carried out by performing a mar- 
ginal reading that will guarantee proper recognition of 
the memory cell in the normal read modality 

15 [0010] For this reason, erasing proceeds with apply- 
ing an erase pulse followed by a verify operation until 
all the memory cells present a threshold voltage lower 
than a reference threshold voltage the latter being the 
threshold voltage of the reference memory cell used 

20 during the verify operation. 

[0011] At this point, all the memory cells of the sector 
have threshold voltages presenting the distribution illus- 
trated in Figure- 1 and identified by the binary informa- 
tion "1" associated thereto, i.e , a distribution having a 

25 basically Gaussian form, in which the threshold voltage 
used during the verify operations referred to above is 
indicated by EV and is typically 2.5 V. 
[0012] As may be noted from an analysis of Figure 1 
the distribution of the threshold voltages that is obtained 

30 after erasing has a form given by the superposition of a 
Gaussian cun/e and a tail due to the depleted memory 
cells. 

[0013] Sector erasing cannot, however, be consid- 
ered as yet concluded, because it is still necessary to 

35 ascertain whether there are depleted memory cells that 
may induce errors during reading. 
[0014] Consequently proper erasing is followed by a 
search phase for depleted memory cells, known as 
"soft-programming", including verifying the presence of 

40 a leakage current on the columns of the memory array, 
with all the rows of the array kept grounded. 
[0015] When a column that presents this fault is iden- 
tified, the first memory cell of the column is addressed, 
and a programming pulse having a preset amplitude is 

45 applied to the gate terminal to slightly shift the threshold 
of the memory cell, without, however, exceeding the EV 
value mentioned above Next, reading of the second 
memor/ cell in the same column is carried out. If the 
memory cell has no leakage current, this means that the 

50 depleted memory cell was the previous one which has 
already been recovered: otherwise, programming of the 
memor/ cell in question is carried out, and so forth until 
the end of the column is reached. 
[0016] Once the end of the column has been reached, 

55 verify is then repeated and, if there is still a leakage cur- 
rent present, the above described procedure is repeat- 
ed this time however increasing the amplitude of the 
programming pulse applied to the gate terminal of the 
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memory cells during programming. 
[0017] As may be noted trom the above description 
searching tor depleted memory cells is particutariy labo- 
rious and requires not only a non-negligible execution 
lime but also the supply of a considerable current when 
programming the depleted memory cells 
[0018] This latter aspect is of particular importance in 
memory devices with single supply voltage In this case, 
in fact all the necessary high voltages are obtained from 
the single supply voltage available through charge 
pumps which present, however a very limited current 
capacity, typically of just a few mA. and thus allowing 
only a snnall number of columns containing depleted 
memory cells to be simultaneously recovered. 
[0019] A further drawback involved in the procedure 
of searching for depleted memory cells as described 
above is due to the tact that the illustrated problems, 
which are linked to the presence of a depleted memory 
cell in one column (simulation of the presence of an en- 
tirely erased column when in actual fact there are still 
memory ceils having threshold voltages higher than EV) 
becomes particularly important and nnay even lead to 
jeopardizing the functioning of the memory in case of 
multilevel memory cells i.e. . memory cells that are each 
able to store more than one bit 

[CX)20] In fact, considering for example memory cells 
each containing two bits, the number of distributions of 
the threshold voltages is four one for each combination 
of the logic levels of the pair of bits stored in a cell, in- 
stead of two as in case of conventional memory cells 
storing a single bit. 

[0021] Ftgure 2 illustrates the distributions of the 
threshold voltages deriving from the use of four level 
memory cells, i.e.. cells storing two bits. For each distri- 
bution the maximum and minimum values typical of the 
threshold voltages and the binary information associat- 
ed thereto are indicated 

[0022] As may be noted from a comparison between 
Figure 2 and Figure 1. the latter regarding distributions 
resulting trom the use of conventional two level memory 
cells. I e. ones storing a single bit, the four distributions 
resulting from the use of multilevel memory cells fall 
within the same range of threshold voltage values in 
which the two distributions resulting trom the use of con- 
ventional memory cells also fall, in that, for reasons of 
reliability it is not desirable to increase the voltage too 
much and this consequently leads to a reduction in the 
distance between two adjacent distnbulions, and hence 
a reduction in the difference between the currents which 
flow in the memory cells and which correspond to adja- 
cent levels 

[0023] Consequently, the introduction on the market 
of multilevel memory celts means that the margins of the 
distributions must be checked in an even more accurate 
way than with conventional menr>ory cells, in so far as a 
multilevel memory cell which exceeds the threshold volt- 
age EV (2 5 V) even by jUst a little could in fact be erro- 
neously interpreted as belonging to the second distribu- 



tion Instead of to the first thus possibly impairing the 
functioning of the memory 

[0024] One solution for considerably simplifying the 
search for depleted memory cells, directly identifying the 

5 depleted memory cells and reducing to the minimum all 
the above descnbed problems, is that of biasing non- 
selected memory cells with negative voltages during 
verify. In this way then, the leakage current during verify 
would be eliminated 

10 [0025] Such a solution is not. however, feasible using 
the row decoders known today For a complete under- 
standing of the limits of the currently known row decod- 
ers, which do not enable the use of such a solution, refer 
to Figure 3, where the classic circuit diagram of a final 

TS decoding stage forming part of a row decoder (not illus- 
trated) for a nonvolatile memory is illustrated 
[0026] In particular, the circuit diagram illustrated in 
Figure 3 regards a final decoding stage used in a mem- 
ory device allowing so-called "negative gate erasing", 

20 which envisages the application of a negative voltage lo 
the gate terminals of the cells and of a positive voltage 
to the source terminals, with floating drain terminals. 
[0027] As IS shown in Figure 3. the final decoding 
stage, indicated as a whole by 1, receives at the input 

2S a plurality of pre-dccoding signals Lx, Ly, Lz, R gener- 
ated by a pre-decoding stage (not illustrated), which al- 
so IS part of the row decoder arranged upstream of the 
final decoding stage and generating the above decoding 
signals according to the addresses of the memory loca- 

30 tion to be addressed The final decoding stage 1 has the 
purpose of biasing a word line of the memory array 2 
made up of a plurality of cells 3, arranged in rows and 
columns, wherein the word lines (only two of which, for 
reasons of simplicity of illustration are shown in Figure 

35 3, indicated by WL<i> and WL<i+1>) connect the gate 
terminalsof the memory cells 3 arranged on a same row, 
and the bit lines (not illustrated) connect the dram ter- 
minals of the memory cells 3 arranged on a same col- 
umn. 

-^0 [0028] In particular, the pre-decoding signals Lx, Ly 
and Lz are used to select the group of word lines, typi- 
cally 8 or 16. biased through the final decoding stage 1 , 
while the pre-decoding signals P are used to select a 
single word line within the group. 

45 [0029] The final decoding stage 1 comprises a first 
supply line 4 set at a voltage Vpc- which dunng cell ad- 
dressing IS equal to a supply voltage Vqq (typically, of 
between 2.5 and 3 5 V), and dunng cell programming is 
equal to the programming voltage Vpp higher than the 

50 supply voltage S/qq i^^^ example, 12 V); and a second 
supply line 5 set at a voltage V^eq, which, dunng read- 
ing and programming of the memory cells, is equal to a 
ground voltage Vq^d (for example, 0 V). and during 
memory cell erasing is equal to an erase voltage V^^fg 

55 lower than ground voltage V^ivjd (for example, -8 V) 
[0030] The final decoding stage 1 further comprises 
an input selection circuit 6 formed by a NAND logic gate 
receiving as input the pre-decoding signals Lx. Ly. L/ 
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and supplying as output a block selection signal SB a 
plurality of output driver circuits 8 of the latch type one 
for each word line addressable through the final decod- 
ing stage 1 . which generate at the output biasing signals 
R<i> R<i+1> tor respective word lines WL<!> 
WL<i+l> and a plurality of switching circuits 10. one for 
each word line addressable through the final decoding 
stage 1 . each of which circuits is arranged between the 
output of the selection circuit 6 and the input of a respec- 
tive driver circuit S. receives at the input a respective 
pre-decoding signal P<i>, P<i+1>. and has the purpose 
of selectively interrupting the connection between the 
selection circuit 6 and the respective driver circuit 6 ac- 
cording to the respective pre-decoding signal P<i>, 
P<i+1>. 

[0031] The pre-decoding signals Lx. Ly. Lz. and P, as 
well as the block selection signal SB are logic signals 
having a low logic state defined by the ground voltage 
Vqnq and a high logic state defined by the supply volt- 
age 

[0032] Each driver circuit 8 comprises an inverter 12 
connprising a pull-up PMOS transistor 14 and a pull- 
down NMOS transistor 16 having gate ternninals con- 
nected together and defining an input node 1 8, drain ter- 
minals connected together and defining an output node 
20 on which the respective biasing signal R<i>, R<u 1 > 
is present, and source and bulk terminals connected to 
the first and, respectively, the second supply lines 4, 5. 
[0033] Each driver circuit 8 further connprises a feed- 
back PMOS transistor 28 having its gate terminal con- 
nected to the output node 20. its dram terminal connect- 
ed to the input node 18. and its source and bulk termi- 
nals connected to the first supply line 4. 
[0034] The NMOS transistors 16 have a triple-well 
type structure, as shown in Figure 4; i e , they present 
a bulk region made in a P-type well 22 set at the voltage 
Vneg formed in an N-type well 24 set at the supply 
voltage Vqc and in turn formed in a substrate 26 which 
IS set at the ground voltage Vq^jq In this way. the P-type 
well 22 IS electrically isolated from the substrate 26 and 
thus enables biasing of the bulk regions of the transis- 
tors 16 at a potential In the case In point Vmeq, different 
from the potential of the substrate 26 (ground voltage 
Vqnd) 

[0035] Each switching circuit 10 comprises a first 
NMOS pass transistor 30 and a second NMOS pass 
transistor 32 arranged In series and coupled between 
the output terminal of the NAND logic gate and the input 
node ie of the respective driver circuit 8 In particular, 
the NMOS transistor 30 has its drain terminal connected 
to the output terminal of the NAND logic gate, its gate 
terminal set at the supply voltage Vcc, and its source 
terminal connected to the dram terminal of the NMOS 
transistor 32, which in turn has its gate terminal receiv- 
ing the respective pre-decoding signal P<i>. P<i+1> 
and Its source terminal connected to the output node 16 
[0036] Negative gate erasing is an intrinsically non- 
selective operation and is carried out in a known way. 



and thus not described in detail herein first of alt biasing 
the second supply line 5 at the erase voltage V^r^ and 
then deselecting all the word lines WL<i>. WL<i+l> In 
this way. the input nodes 1 8 are set at a high logic level 

5 and hence the NMOS transistors 16 are on. thus con- 
necting the output nodes 20 to the second supply line 
5. and consequently determining application of the 
erase voltage Vern to the word lines WL<i> WL<n-l > 
[0037] To search for depleted memory cells in the way 

10 described previously it is necessary to selectively bias 
the word lines, and in particular it is necessary to apply 
a positive venfy voltage to a single word line at a lime, 
and a negative voltage to all the other word lines. 
[0038] A selective biasing of this sort is not, however 

75 possible with the final decoding stage described above 
In tact If the attempt were made to apply a positive volt- 
age to one word line and a negative voltage to all the 
other word lines, the input nodes 18 of the biasing cir- 
cuits 8 of the non-selected word lines, and hence the 

20 gale terminals ol the NMOS transislors 16, would all be 
set at the voltage Vp^, whilst the source terminals of 
these transistors would be set at the erase voltage 
Vern Consequently, the corresponding NMOS transis- 
tors 16 would all be turned on and would connect the 

25 respective word lines to the second supply line 5 set at 
the erase voltage V^risj 

[0039] On the other hand, the input node 18 of the 
driver circuit 8 of the selected word line, and hence the 
gate terminal of the respective NMOS transistor 16, 

30 would be set at the ground voltage \/q^o defined by the 
low logic level assumed by the block selection signal SB. 
while the source terminal of this NMOS transistor 16 
would be set at the erase voltage VgR^ tower than the 
ground voltage Vqnd. Consequently, the PMOStransis- 

35 tor 1 4 would be on, while the NMOS transistor 16 would 
be off 

[0040] If, however, the difference between the ground 
voltage Vqnd erase voltage V^rn is higher than 

the threshold voltage of the NMOS transistor 16, also 

40 this transistor will be on and. jointly with the PMOS tran- 
sistor 14, which IS on. will connect together the first and 
the second supply lines 4 5. thus preventing proper bi- 
asing of the respective word line, and consequently 
jeopardizing the reliability of searching for depleted 

45 memory cells 

[0041 ] A solution for overcoming the above described 
problem without modifying the circuit structure of the fi- 
nal decoding stage includes using NMOS transistors 16 
having a threshold voltage higher than the difference be- 

50 tween the ground voltage Vq|s4d and the erase voltage 

Vern 

[0042] If not directly available with such characteris- 
tics, transistors of the sort could bo obtained by suitably 
biasing the bulk regions 22 so as to increase the thresh- 
55 old vollage of these transistors, exploiting the well 
known body effect 

[0043] Even if this solution presents a greater circuit 
simplicity because the circuit structure of the final de- 
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coding stage does not need to be modified it inlails a 
greater complexity for managing the various voltages 
necessary during word line decoding Biasing a sub- 
strate means, in fact, charging and discharging large 
parasitic capacitances and, in addition., the times for 
charging and discharging must be well controlled in or- 
der to prevent direct biasing of the junctions Further- 
more, a solution of this type imposes a limit on the erase 
voltage V^rm used during verify. 

[0044] The purpose of the present invention is there- 
fore that of providing a word line decoder that enables 
selective biasing of the word lines with positive or neg- 
ative voltages in a circuitally simple way 
[0045] According to the present invention, a word line 
decoder for a nonvolatile memory with the possibility of 
selectively biasing the word lines with positive or nega- 
tive voltages is provided, as described in Claim 1 . 
[0046] For a bener understanding of the present in- 
vention, a preferred embodiment thereof is now de- 
scribed, purely as a non-limiling example, with refer- 
ence to the attached drawings, wherein 

Figure 1 shows the distributions of the threshold 
voltages of memory cells containing a single bit per 

cell: 

Figure 2 shows the distributions of the threshold 
voltages of memory cells containing two bits per 

cell: 

Figure 3 shows the circuit diagram of a final decod- 
ing stage forming part of a known row decoder: 
Figure 4 shows a cross section of the structure of a 
triple-welt transistor: and 

Figure 5 shows the circuit diagram of a final decod- 
ing stage, according to the present invention. 

[0047] In Figure 5. indicated as a whole by the refer- 
ence number 40, is a final decoding stage according to 
the present invention for biasing a respective block of 
word lines of the memory 2. only one of which, for rea- 
sons of simplicity, is illustrated in Figure 5 and indicated 
WL<i> 

[0048] According to Figure 5, the final decoding stage 

40 comprises a first supply line 42 set at the voltage Vpc 
switchable between the supply voltage Vq^, the pro- 
gramming voltage Vpp. and a reduced voltage Vpx lower 
than the supply voltage V^c (^o"" example. 2 V): a second 
supply line 44 set at the voltage ^^^q switchable be- 
tween the ground voltage Vq^^h-). the erase voltage V^p^g, 
and a verify voltage V^^p comprised between the 
ground voltage Vq^d erase voltage ^ern i^^^ 

example -2 V). a third supply line 46 set at a voltage Vp^ 
which IS equal to the supply voltage Vqc when Vpc > 
and to the reduced voltage Vp^ when Vp^ < V^^, 
a fourth supply line 47 set at the supply voltage V^c 
and a fifth supply line 49 set at the ground voltage Vq,^q 
[0049] The final decoding stage 40 further comprises 
a block selection circuit 50 arranged at the input and 
common to a plurality of word lines, and. for each word 



line a row selection circuit 52 and a row biasing circuit 
54 cascade-connected For simplicity Figure 5 shows 
the row selection circuit 52 and the row biasing circuit 
54 for tne single word line WL<i> considered 

5 [0050] Each row biasing circuit 54 in turn comprises 
a switching circuit 56. a level translator circuit 58 and 
an output driver circuit 60. cascade-connected 
[0051] In particular, the block selection circuit 50 com- 
prises a NAND logic gate 62 connected between the 

w fourth and the fifth supply lines 47 and 49 receiving at 
Its input terminals the pre-decoding signals Lx. Ly Lz 
and supplying at an output terminal a bbck selection sig- 
nal SB: and a NOT logic gate 64 connected between the 
fourth and the fifth supply lines 47 and 49 receiving at 

15 an input terminal a block selection signal SB and sup- 
plying at an output terminal an inverted block selection 
signal SS. 

[0052] The row selection circuit 54 comprises a NAND 
logic gate 66 connected between the third and the fifth 

20 supply lines 46 and 49, receiving at a first input the in- 
verted block selection signal SB and at a second input 
the pre-decoding signal P<i>, and supplying at its output 
terminal a row selection signal SR<i> 
[0053] The pre-decoding signals Lx, Ly, Lz, and R as 

25 well as the block -selection signal SB and the inverted 
block selection signal SB are logic signals having a low 
logic state defined by the ground voltage Vqnd ^ 
high logic state defined by the supply voltage V^q, while 
the row selection signal SR<i> is a logic signal having 

30 a low logic state defined by the ground voltage Vq^jq 
and a high logic state defined by the voltage Vpj_ 
[0054] The switching circuit 56 compnses a CfvlOS 
switch formed by a PMOS transistor 68 and an NMOS 
transistor 70 having drain terminals connected together 

35 and to the output terminal of the NAND logic gate 66 
and receiving the row selection signal SR<i>, and 
source terminals connected together and to a node 72; 
the PMOS transistor 68 moreover has its gate terminal 
connected to the fifth supply line 49 and its bulk terminal 

40 connected to the third supply line 46, while the NMOS 
transistor 70 has its gate terminal receiving a control sig- 
nal CTL and its bulk terminal connected to the second 
supply line 44 set at the voltage V^eq. 
[0055] The level translator circuit 58 comprises an in- 

■^5 verter 74 formed by a pull-up PMOS transistor 76 and 
a pull-down NMOS transistor 78 having their gate ter- 
minals connected together and to the node 72 and their 
dram terminals connected together and defining a node 
80. the PMOS transistor 76 moreover has its source ter- 
se minal and its bulk terminal connected to the third supply 
line 46: the NMOS transistor 78 has its source terminal 
and its bulk terminal connected to the second supply line 
44 

[0056] The level translator 58 further compnses an 
55 NMOS transistor 81 having its gate terminal connected 
to the node 80, its drain terminal connected to a node 
84 and its source terminal connected to the second sup- 
ply line 44 an NMOS transistor 82 having its gate ter- 
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minal connected to the node 72, its dram terminal con- 
nected to the first supply line 42 or to the third supply 
line 46. as represented schematically in Figure 5 with a 
dashed line, its source terminal connected to the node 
84. and its bulk terminal connected to the second supply 
line 44: and an NMOS transistor 86 having its gate ter- 
minal connected to the node 80, its dram terminal con- 
nected to the node 72. and its source and bulk terminals 
connected to the second supply line 44 
[0057] In particular, the dram terminal of the NMOS 
transistor 82 is irreversibly connected to the first supply 
line 42 or to the third supply line 46, according to the 
particular application of the memory device provided 
with final decoding stage 40 for example for current 
consumption and this choice is made once and for all 
when designing the memory device. 
[0058] The driver circuit 60 comprises an inverter 90 
formed by a pull-up PMOS transistor 92 and a pull-down 
NMOS transistor 94 having their gate terminals connect- 
ed together and lo Ihe node 84. their dram terminals con- 
nected together and defining a node 96 on which the 
biasing signal R<i> is supplied, and their source and 
bulk terminals connected, respectively, to the first sup- 
ply line 42 and to the second supply line 44 
[0059] The driver circuit 60 further comprises a feed- 
back PMOS transistor 98 having its gate terminal con- 
nected to the node 96, its drain terminal connected to 
the node 84. and its source and bulk terminals connect- 
ed to the first supply line 42 

[0060] The fVJMOS transistors 70, 78. 81 . 82. 86. and 
94 have atr.ple-well structure, illustrated in Figure 4 and 
previously described. 

[0061] The operation of the final decoding stage 40 
will now be described for the programming and reading 
step, when the selected word line is biased at the volt- 
age Vpc, and the deselected word lines are biased at 
the ground voltage ^qud^ tor the erasing step, wherein 
all the word lines are deselected and they are biased at 
the erase voltage Vg^jg, and for the verify step, wherein 
which the selected word line is biased at the voltage 
Vpc, and the deselected word lines are biased at the 
verify voltage V^er 

[0062] In particular, during reading and programming, 
the first supply line 42 is set at the supply voltage Vqc 
and, respectively, at the programming voltage Vpp, the 
second supply line 44 is set at the ground voltage VqmD' 
and the third supply line 46 is set at the supply voltage 

Vcc 

[0063] In addition, the control signal CTL assumes a 
high logic level defined by the supply voltage Vqc 
therefore both the PMOS transistor 66 and the NMOS 
transistor 70 are on 

[0064] When the word line WL<i> is selected, the row 
selection signal SR<i> assumes a low logic level defined 
by the ground voltage Vq^^q which, via the PMOS tran- 
sistor 68 and the NMOS transistor 70. biases the node 
72 at the ground voltage ^Qt^o 

[0065] Consequently, the NMOS transistor 78 is off. 



the PMOS transistor 76 is on and hence the node 80 is 
biased at the supply voltage Vcc thus causing the 
NMOS transistor 81 to turn on 

[0066] The node 84 is therefore biased at the ground 
5 voltage Vq^q, and hence the NMOS transistor 82 is off. 
the NMOS transistor 94 is off, and the PMOS transistor 
92 IS on: consequently, the word line WL<i> is biased at 
the voltage Vpc 

[0067] The node 80 set at the supply voltage Vcc ^'^o 
TO causes the NMOS transistor 36 to turn on. wnich simply 
confirms the ground voltage VGND on the node 72 
[0068] When, instead, of the word line WL<i> is dese- 
lected, the row selection signal SR<t> assumes a high 
logic level equal to the supply voltage Vcc- and the node 
IS 72 IS biased at the supply voltage Vcc and the node 80 
at the ground voltage Vqnd 

[0069] Consequently the NMOS transistors 86 and 
81 are oft, the NMOS transistor 82 is on and pushes the 
node 84 to rise towards the voltage Vpc; as a result, the 
20 PMOS transistor 92 turns off, and the NMOS transistor 
94 turns on, and the word line WL<i> is thus biased at 
the ground voltage Vq^d 

[0070] During erasing, the first supply line 42 is set at 
the reduced voltage Vpx, the second supply line 44 is 

25 sot at the erase voltage V^rn' ^^^^^ supply line 

46 is set at the reduced voltage Vpx to reduce the stress 
on the oxide layers of the transistors 
[0071] Furthermore, the control signal CTL assumes 
a low logic level defined by the erase voltage V^^^, thus 

30 the NMOS transistor 70 is off since its gate terminal is 
set at the lowest voltage present in the circuit. 
[0072] During this phase, moreover all the word lines 
are deselected, and consequently all the block selection 
signals SB present on the output terminals of the NAND 

3S logic gates 62 assume a high Iqgic level defined by the 
supply voltage Vcc 

[0073] Consequently via the PMOS transistor 68, the 
node 72 is biased at the reduced voltage Vpx, the NMOS 
transistors 78 and 82 are on. while the PMOS transistor 
40 76 is off 

[0074] The node 80 is therefore biased at the erase 
voltage V^rn and causes the NMOS transistors 86 and 
81 to turn off: the node 84 is thus free to rise to the volt- 
age Vpx. so causing the NMOS transistor 94 to turn on; 
45 all the word lines are therefore biased at the erase volt- 
age Vern 

[0075] During the verify phase, -the first and third sup- 
ply lines are set at the supply voltage Vcc- and the sec- 
ond supply line 44 is set at the verify voltage VygR in 

50 addition, the control signal CTL assumes a low logic lev- 
el defined by the verity voltage V^^r itself, and conse- 
quently during this phase the NMOS transistor 70 is off 
[0076] When the word lino WL<i> is selected, the row 
selection signal SR<i> assumes a low logic level defined 

55 by the ground voltage Vq^D' and hence, via the PMOS 
transistor 68, the node 72 is discharged as long as the 
gate -to- source voltage of the PMOS transistor 68 is 
greater than its threshold voltage, after which the PMOS 
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transistor 68 turns oft and stops discharging the node 
72 

[0077] The node 72 thus moves toward the verify volt- 
age VvER so causing the PMOS transistor 76 to turn on 
and the N MOS transistors 78 and 82 to turn off: the node 
80 thus moves toward the supply voltage V^c thus 
causing the NMOS transistors 86 and 81 to turn on The 
node 72 is thus connected to the second supply line 44. 
and hence biased at the verify voltage V^/er, and so 
causes the NMOS transistor 78 to turn off definitively 
[0078] Since the NMOS transistor Si is turned, the 
node 84 is forced to assume the verily voltage V^^p. 
and hence the NMOS transistor 94 is oft, the PMOS 
transistor 92 is on, and the selected word line is thus 
biased at the voltage Vpc 

[0079] When the word line WL<i> is deselected, the 
row selection signaL SR<i> assumes a high logic level 
equal to the supply voltage V^q. and hence also the 
node 72 is biased at the supply voltage Vqc Conse- 
quently, the NMOS transistors 78 and 82 are on, the 
PMOS transistor 76 is off, and therefore the node 80 is 
biased at the venfy voltage Vver and causes the NMOS 
transistors 86 and 8 1 to turn off. The node 84 thus reach- 
es the voltage Vp^ and causes the NMOS transistor 94 
to turn on and the PMOS transistor 92 to turn off: as a 
result, the deselected word line is biased at the verify 
voltage Vver 

[0080] As may be noted from the above description, 
the introduction, between the switching circuit 56 and 
the driver circuit 60. of the voltage translator circuit 56, 
built as described and connected to the second supply 
line 44 set at the voltage V^gQ prevents the malfunc- 
tioning which was described previously in detail with ref- 
erence to the known row decoders and on account of 
which the known row decoders cannot enable biasing, 
during verity, of the selected word line at a positive volt- 
age and of the deselected word lines at negative volt- 
ages 

[0081] In fact, the voltage translator circuit 58 con- 
verts the row selection signal SR<i>, having a high and 
a low logic state defined, respectively, by the supply volt- 
age Vcc and the ground voltage Vqnd "^^o ^ control sig- 
nal CM<i> defined by the voltage of the node 84 which 
has a high and a low logic state defined, respectively, 
by the voltage Vpc and the voltage V^eg a^ which the 
source terminal of the NMOS transistor 94 is also set. 
This latter aspect is particularly important in that, when 
the control signal CM<i> is supplied lo the input of the 
driver circuit 60. in the verify phase both the gate termi- 
nal and the source terminal of the NMOS transistor 94 
of the driver circuit 60 of the selected word line are set 
at the same verify voltage V^er. and hence the NMOS 
transistor 94 itself is certainly off when the PMOS tran- 
sistor 92 IS on 

[0082] As a result, the final decoding stage 40 accord- 
ing to the present invention ts free from the limitations 
inherent in the known final decoding stages in so far as 
It enables selective biasing of the word lines of a mem- 



ory indifferently with positive or negative voltages and 
in prirticular enables biasing of the selected word line 
alone with a positive voltage and of all the other dese- 
lected word lines with negative voltages 

5 [0083] In this way, it is possible not only to consider- 
ably simplify searching for the depleted memory cells 
but also to sensibly reduce the time required for carrying 
out the soft-program algorithm and the current required 
during programming of the depleted memory cells 

10 [0084] In addition, as emerges from the above de- 
scription, theoretically there are no limits on the maxi- 
mum values of the erase and verify voltages V^rm 
Vver, except for those imposed by the breakdown volt- 
ages 

15 [0085] Furthermore, it emerges clearly that, since the 
final decoding stage according to the present invention 
can bias a bit line in a selective manner indifferently at 
a positive voltage or a negative voltage, it is also imme- 
diately possible to carry out erasing even of a single row 
of the memory array al a lime To do so, il ts in fad suf- 
ficient to complement the addressing logic so as to be 
able to bias one word line at a time with a negative volt- 
age and all the other word lines with positive voltages. 
[0086] It IS moreover pointed out that the NMOS tran- 
sistor 70 IS not strictly necessary, in so far as it has boon 
introduced purely to speed up the addressing operation 
during the read phase Without the NMOS transistor 70, 
in fact, the lowest voltage that can be transferred onto 
the node 72 is equal to the threshold voltage of the 
PMOS transistor 66 Also in this condition, the final de- 
coding stage continues to function as above described, 
provided that the threshold voltage of the PMOS tran- 
sistor 68 is interpreted as a low logic level by the inverter 
74 The NMOS transistor 70 improves the immunity to 
noise and speeds up discharging of the node 72 during 
writing 

[0087] Finally, it Is clear that modifications and varia- 
tions may be made to the row decoder described and 
Illustrated herein, without thereby departing from the 
scope of the present invention. 
[0088] For example, the voltage of the third supply line 
46 could also not be switchable between the supply volt- 
age Vcc reduced voltage Vpx but could be set 
in a fixed way at the supply voltage Vqq. 



Claims 

1. A row decoder for a nonvolatile memory (2) com- 
50 pnsing a plurality of word lines (WL). said row de- 
coder comprising a first reference line (42) set at a 
first operating potential (Vpc) switchable at least be- 
tween a first reference potential (Vcc) and a pro- 
gramming potential (Vpp) higher than said first ref- 
55 erence potential (Vqc). a second reference line (44) 
set at a second operating potential (V^eg) switcha- 
ble at least between a second reference potential 
(^gnd) 'ower than said first reference potential 
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(Vcc) and an erase potential (V^rn) 'o^®'' ^^^^ ^^'^i 
second reference potential (Vq^^q): and a third ref- 
erence line (46) set at a third operating potential 
(Vpl) equal, at least in preset operating conditions, 
to said first reference potential (Vqc); and. for each 
one of said word lines (WL), a respective biasing 
circuit (54) receiving on an input a row selection sig- 
nal (SR<i>) switchable between said third operating 
potential (Vpl) and said second reference potential 
(^gnd) supplying at an output a biasing signal 
(R<i>) for the respective word line (WL) switchable 
between said first and said second operating poten- 
tials (Vpc, V^eq); each said biasing circuit (54)conn- 
prising an output driver circuit (60) connected be- 
tween said first and said second reference lines (42, 
44) and supplying on an output (96) said biasing sig- 
nal (R<i>), characterized in that each said biasing 
circuit (54) further connprises a level translator cir- 
cuit (58) connected between said second and said 
third reference lines (44, 46), receiving on an input 
(72) said row selection signal (SR<i>) and supply- 
ing on an output (84) a control signal (CM<i>) for 
satd dnver circuit (60) switchable between said first 
and said second operating potentials (Vp^, V,^£q) 

2. The row decoder according to Claim 1, character- 
ized in that said level translator circuit (58) compris- 
es a first inverter (74) connected between said sec- 
ond and said third reference lines (44, 46) and re- 
ceiving at an input (72) said row selection signal 
(SR<i>): a first transistor (81) having a control ter- 
minal connected to an output (80) of said first invert- 
er (74), a first terminal connected to said output (84) 
of said level translator circuit (58). and a second ter- 
minal connected to said second reference line (44); 
and a second transistor (86) having a control termi- 
nal connected to said output (80) of said first invert- 
er (74) a first terminal connected to said input (72) 
of said first inverter (74), and a second terminal con- 
nected to said second reference line (44). 

3. The row decoder according to Claim 2, character- 
ized m that said level translator circuit (58) further 
compnses a third transistor (82) having a control 
terminal connected to said input (72) of said first in- 
verter (74). a first terminal connected to one of said 
first and said third reference lines (46) and a second 
lermincil connected lo said output (84) of said level 
translator circuit (58). 

4. The row decoder according to Claim 3, character- 
ized in that said first, second and third transistors 
(31 . 86. 82) havo a triple-well typo structure. 

5. The row decoder according to any of Claims 2-4. 
characterized in that said first inverter (74) compris- 
es fourth and fifth transistors (76 78) complemen- 
tary to one another and having respective control 



terminals connected together and to said input (72) 
of said first inverter (74) first terminals connected 
together and to said output (80) of said first inverter 
(74) and second terminals connected, respectively 
5 to said th ird reference line (46) and said second ref- 

erence line (44) 

6. The row decoder according to Claim 5, character- 
ized in that said fifth transistor (78) has a triple-well 

10 type structure. 

7. The row decoder according to any of the foregoing 
Claims, characterized in that said driver circuit (60) 
comprises a second inverter (90) connected be- 

is tween said first and second reference lines (42. 44) 
and having an input connected to said output (84) 
of said level translator circuit (58) and an output (96) 
supplying said biasing signal (R<i>). 

20 8. The row decoder according lo Claim 7, character- 
ized in that said second inverter (90) comprises a 
sixth and seventh transistors (92, 94) complemen- 
tary to one another and having respective control 
terminals connected together and to said output 

25 (84) of said level translator circuit (58), first termi- 

nals connected together and to said output (96) of 
said driver circuit (60), and second terminals con- 
nected respectively, to said first reference line (42) 
and said second reference line (44) 

30 

9. The row decoder according to Claim 8. character- 
ized in that said seventh transistor (94) has a triple- 
well type structure. 

35 10. The row decoder according to any of the Claims 
from 7 to 9, characterized in that said driver circuit 
(60) further comprises an eighth transistor (98) hav- 
ing a control terminal connected to said output (96) 
of said second inverter (90), a first terminal connect- 

40 ed to said input (84) of said second inverter (90), 
and a second terminal connected to said first refer- 
ence line (42). 

11. The row decoder according to any of the foregoing 
•^5 Claims, characterized in that said biasing circuit 
(54) further comprises a switching circuit (56) ar- 
ranged upstream of said level translator circuit (58) 
and comprising unipolar switching means (68). 

so 12. The row decoder according to Claim 11 , character- 
ized in that said unipolar switching means (68) com- 
prises a ninth transistor (68), of Pf\/<OStype. having 

a control terminal set at said second reference po- 
tential (VQfgQ), a first terminal receiving said row se- 
55 lection signal (SR<i>) and a second terminal con- 

nected to said input (72) of said level translator cir- 
cuit (68) 
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13. The row decoder according to Claim 12 character- 
ized tn that said switching circuit (56) further conn- 
pnses a tenth transistor (70). of NMOS type, having 
a control terminal receiving a control signal (CTL). 

a bulk terminal connected to said second reference s 
line (44) and first and second terminals connected, 
respectively to said first and second terminals of 
said ninth transistor (68) 

14. The row decoder according to Claim 1 3 character- io 
ized in that said tenth transistor (70) has a triple- 
well type structure 

75 
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